Fine particle concentration (i.e., partides <2.5 pm in aerodynamic diameter; PM25), but not coarse particle concentration, was a"ssociated with inased mortality in six U.S. cities. Others criticized dthis rsflt, arguing tat it could result from differences in measurement error between the two size ranges. Fine particles are primarily from combustion of fossil fiul, whereras coarse partides (i.e., partides between 2.5 and 10 pm in aerodynamic diameter) are all crustal material, i.e., dust. One way to determine if coarse particles are a risk for mortality is to identify episodes of high concentrations of coarse, but not fine, partides. Spokane, Washington, is located in an arid area and is subject to occasional dust storms after crops have been harted. Between 1989 and 1995,w identified 17 duststorms inlSpokane. hlle 24-hr mean PM10 concentration during those storms s 263 pin3. Usng contol dates th were the same day of the year in other years (but with no dust storm oni that day) and that had a mean PM concentration of 42 pg/m3, we compared the rate of nonaccidental deaths on the episode versus nonepisode days.
Fine particle concentration (i.e., partides <2.5 pm in aerodynamic diameter; PM25), but not coarse particle concentration, was a"ssociated with inased mortality in six U.S. cities. Others criticized dthis rsflt, arguing tat it could result from differences in measurement error between the two size ranges. Fine particles are primarily from combustion of fossil fiul, whereras coarse partides (i.e., partides between 2.5 and 10 pm in aerodynamic diameter) are all crustal material, i.e., dust. One way to determine if coarse particles are a risk for mortality is to identify episodes of high concentrations of coarse, but not fine, partides. Spokane, Washington, is located in an arid area and is subject to occasional dust storms after crops have been harted. Between 1989 and 1995,w identified 17 duststorms inlSpokane. hlle 24-hr mean PM10 concentration during those storms s 263 pin3. Usng contol dates th were the same day of the year in other years (but with no dust storm oni that day) and that had a mean PM concentration of 42 pg/m3, we compared the rate of nonaccidental deaths on the episode versus nonepisode days.
There was little evidence of any risk [relative risk (RR) = 1.00; 95% confidence interval (CI), 0.81-1.22] on the episode days. Defining episode deaths as those occurring on the same or following day a dthe dust stornm pod sinilar results (RR = 1.01; Cl, 0.87- 1.17) . Sensitivity analyses, which tested more extensive seasonal control, produced smallerimates. We conclude that coarse particles from windblown dust are not asiated with mortality risk Key wordk. air pollution, dust storms, mortality, particulates. Environ Health Prspect 107:339-342 (1999).
[ Online 23 March 1999] hatp://ehpnetl.niehs.nih.gov/docsl9999/107p339-342schwarz/abstract.htmI During evolutionary time the particles inhaled by lungs were primarily the products of mechanical processes; they are generally >2.5 pm in aerodynamic diameter and are commonly referred to as coarse particles. Substantial human exposure to combustion particles only began with the domestication of fire, and these particles differ from coarse particles in size, source, and physicochemical properties. They are <2.5 pm in diameter (and usually <1 pm), referred to as fine particles, and are more likely to deposit in the alveolar region of the lung. For example, the EPA estimated (1) [based on the International Commission of Radiological Protection model (2) ] that the fraction of the total aerosol mass deposited in the alveolar region that derives from particles <2.5 pm in diameter ranges from 98% in locations with aerosols similar to Philadelphia to 80% for aerosols similar to Phoenix.
Fine particles also contain higher concentrations of sulfates and nitrates, organic compounds, and more bioavailable transition metals than coarse particles (3, 4 complained that they were forced to take expensive measures because the EPA inappropriately included coarse particles in the standard. In 1997, the EPA added regulation specifically targeted to combustion particles, concluding that they were probably more toxic. This conclusion was based in part on a study by Schwartz et al. (5) , who reported that fine particles, but not coarse particles, were associated with daily deaths is six U.S. cities. Lipfert and Wyzga (6) criticized this study, arguing that greater measurement error in the coarse particle measurements could have weakened the coarse particle association.
The thesis that combustion particles are associated with increased deaths is supported by studies of episodes of high concentrations of combustion aerosols. Studies from London in 1952 (7) demonstrated that very high concentrations of combustion-associated air pollution were associated with substantial increases in daily deaths. These high air pollution concentrations occurred in a period of low wind speed and thus low concentrations of windblown dust. An episode in western Germany in 1985 (8) reported a substantial increase in deaths associated with lower, but still high, levels of particulate matter. While the concentrations in these episodes were high, they provide some assurance that the associations seen at more common levels are causal, particularly because they appear to lie on the same dose-response curve (9) .
Similarly, assessment of the health effects of coarse particles could be aided by examining episodes of high concentrations of coarse particles. Indeed, for coarse particles, episode studies have a major advantage. Episodes of high concentrations of combustion particles are characterized by low wind speed and a low-lying inversion layer, which leads to increases in other combustion-related pollutants as well as particles. Hence, the studies pinpoint combustion pollution as a risk factor for mortality, but it is more difficult to determine which species of the combustion mix is responsible.
In contrast, episodes of high coarse mass particles are generally associated with dust storms, that is, conditions of high wind speeds that tend to diminish the concentrations of fine particles and all other combustion-related pollutants. This allows us to unambiguously attribute any pollution effect. By focusing on such episodes, the issue of measurement error is moot because the contrast is between days with unambiguously high levels of coarse particles and control days with much lower levels. We applied this approach to data from Spokane, Washington, a county in a semiarid region of the west, which is occasionally subject to dust storms. 
Methods
In the primary analysis, deaths on the day of a dust storm were contrasted with deaths on control days. A sensitivity analysis defined deaths following exposure to be those occurring on the day of the dust storm or the following day. Including the day after the dust storm allowed us to accommodate a lag between exposure and response. In the London episode of 1952 (6), for example, mortality rose on the day pollution rose, but seemed to peak somewhat after the peak of exposure.
Control days were chosen to be the same day of the year in other years, when dust storms did not occur on that day. For the sensitivity analysis, control days were defined as the same day of the year as the dust storm day or the following day, in other years, provided dust storms did not occur on those days. This provides for seasonal control by matching. In total, there were 95 control days chosen in the primary analysis and 171 in the sensitivity analysis.
The rate ratio for being a dust storm day was estimated in a Poisson regression, controlling for temperature, dew point temperature (a measure of humidity), and day of the week dummy variables. Sensitivity analyses were also done to assess the impact of using a linear time trend variable or of using dummy variables for year of study.
Mortality varies seasonally, and the matching strategy assumes that the choice of the same day of the year controls for this variation. However, the seasonal pattern in mortality can change from year to year. While on average we would expect this to cancel out, in a finite data set, it may not. We tested the sensitivity of our analyses to this by filtering the data to remove seasonality When we first filtered out seasonality using a generalized additive model and then contrasted adjusted deaths on the exposed and control days, we still failed to find any evidence of an association (RR for dust storms = 0.94; CI, 0.78-1.14).
Discussion
We found no evidence that mortality was elevated on dust storm days in Spokane, Washington. The number of dust storms and the average number of deaths per day influenced the confidence intervals of the findings. However, the fact that in all the different models only one had a regression coefficient greater than zero more strongly suggests that crustal particles have little toxicity. We have no measurements of PM2.5 during this period, so the parallel study, directly confirming that combustion particles are toxic, cannot be done in Spokane. However, two recent studies have associated PM1O with hospital admissions for respiratory (12) (10, 000 pg/m3) of coarse particles, few adverse health effects were seen. Buist et al. (16) followed 101 children that attended a summer camp which was significantly impacted by the eruption. They found little evidence for an effect of exposure either over time or on the evening-to-morning differences following a day of activity in air that exceeded the then-current particulate standard of 260 pg/m3. Similarly, a study of a dust storm in southeastern Washington State found little impact from an episode in which particle concentrations exceeded 1,000 pg/m3 (17) . These results are consistent with our findings.
Most animal studies have targeted combustion particles and have recendy reported important evidence for toxicity. For example, Godleski et al. (18, 19) exposed rats with chemical-induced bronchitis or chronic lung inflammation to concentrated fine partides from the Boston, Massachusetts, air. While little effect was seen in healthy rats, the rats with lung disease had substantial mortality. In a second study, electrocardiogram patterns in dogs exposed to concentrated fine particles showed arrhythmic changes, which were enhanced by coronary occlusion (20, 21) . Zelikoff et al. (22) exposed rats infected with streptococcal pneumonia to concentrated fine particles from New York City air; they reported a doubling of the region of the lung with pneumonia in the exposed animals as compared to controls. However, these studies tell us little about the potential toxicity of coarse partides.
Osornio-Vargas et al. (23) assessed the toxicity to lung cells of particles sampled from different areas of Mexico City. The particles from the region where combustion particles dominated were much more toxic than the particles from the region where wind blown dust was also an important contributor to PM1O.
Dreher and colleagues (24, 25) examined partide toxicity in vivo by size range of partide. They showed that the pulmonary toxicity of urban particles varied with size, with the greatest toxicity in particles <1.7 pm and the least toxicity in those >3.5 pm. Several factors may contribute to this differential toxicity.
Most of the particles that deposit in the alveolar region are fine particles (1) . Clearance rates for particles in the alveolar region are much slower than in the conducting airways, which may be one reason for the greater toxic effect of fine particles.
Other factors may also contribute to the lower toxicity of coarse partides. Costa and Dreher (25) reported that urban particles have substantial amounts of soluble transition metals and produce pulmonary toxicity. In contrast, Mount St. Helens particles had less soluble transition metals and showed less toxicity when instilled at the same dose (26) . Washington, DC, particles >3.5 pm in diameter also had less soluble transition metals.
Transition metals play a role in the particle toxicity. Li (31) reported that truck traffic exposure was a better predictor of children's respiratory health and suggested that diesel particles with more organic particulate (and also ultrafine concentration) may be more toxic. Here too, the candidates characteristics are more typical of fine particles than coarse crustal partides.
In summary, the results of our study are consistent with other human and animal studies of coarse particles and indicate that toxicity of coarse particles is substantially less than that of fine particles. This finding, in a study where measurement error is not an issue, supports the conclusion that control of airborne particles should focus on combustion p'articles if the goal is to reduce the impact on human health. It 
